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(54) Ceramic member-electric power supply connector coupling structure 



(57) A ceramic member-electric power supply con- 
nector coupling structure includes a ceramic member 
(1) in which a metallic member (5) is buried and a hole 
(4) is provided at which the metallic member is partially 
exposed. A tubular atmosphere-shielding member (9) is 
inserted into the hole, and a stress-mitigating, low heat 
expansion conductor (7) Is inserted inside the tubular 



atmosphere-shielding cylinder. An electric power supply 
connector (8) is partially inserted into the tubular atmos- 
phere-shielding member and upon the low heat expan- 
sion. The tubular atmosphere-shielding member is gas- 
tightly joined to the electric power supply connector, and 
the low heat expansion conductor and the tubular at- 
mosphere-shielding member are joined to the metallic 
member. 
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Description 

Background of the Invention 

(1) Field of the Invention 

The present invention relates to ceramic member- 
electric power supply connector coupling structure. 

(2) Description of Related Art 

Nowadays, electrostatic chucks are being used to 
adsorb and hold semiconductor wafers in transferring, 
light-exposing, film-forming such as CVD and sputter- 
ing, fine processing, washing, etching, dicing, etc. for 
semiconductor wafers. Dense ceramics are noted for 
substrates of such electrostatic chucks. Particularly in 
the semiconductor producing apparatus, a halogen 
based corrosive gas such as CIF3 is often used as an 
etching gas or a cleaning gas. In order to rapidly heat 
and cool the semiconductor wafer while being held by 
such a substrate, the substrate of the electrostatic chuck 
is desired to have high heat conductivity Further, it is 
desired that the substrate has such heat shock resist- 
ance as not being destroyed by rapid temperature 
changes. Dense alumina nitride and alumina have high 
corrosion resistance against the halogen based corro- 
sion gas mentioned above. 

In the field of the semiconductor producing appara- 
tuses, susceptors in with built-in high frequency elec- 
trodes for generating plasma have been practically 
used. In the field of such high frequency electric power 
generating apparatuses, a metal electrode is buried in 
a substrate of aluminum nitride or dense alumina. Fur- 
ther, in the field of the semiconductor producing appa- 
ratuses, ceramic heaters in which a metallic resistor is 
buried in a substrate of aluminum nitride or alumina for 
controlling the temperature of a wafer in each process. 

In these apparatuses, it is necessary that the metal 
electrode is buried in the ceramic substrate made of alu- 
minum nitride or the like, and that the metal electrode is 
electrically coupled to an external electric power supply 
connector. However, a coupling portion for this purpose 
is exposed to a heat cycle between extreme high tem- 
peratures and low temperatures in an oxidative atmos- 
phere and further in a corrosive gas atmosphere. Such 
a joining portion is desired to maintain high joining 
strength and excellent electric coupling performance for 
a long time period even under such a bad condition. 

The present inventors have continuously studied 
the coupling structures as mentioned above. For exam- 
ple, a Japanese patent application No. 8-24,835 dis- 
closed that a tip of an electric power supply connector 
was coupled to a metal electrode in a susceptor with an 
Al alloy brazing material, a Cu alloy brazing material or 
a Ni alloy brazing material having high corrosion resist- 
ance. Further. JP8-24,836 proposed that a mesh or net 
metal electrode is buried in an AIN ceramic, while a part 



of the mesh or net metal electrode be exposed, and the 
exposed mesh or net portion and the AIN ceramic be 
both brazed to a tip face of the electric power supply 
connector. 

5 Although these Japanese patent applications pro- 
posed the brazing methods which would ensure high 
corrosion resistance against the halogen based corro- 
sive gas and the plasma, a specific coupling structure 
which would maintain high joining strength and excellent 

10 conductivity even under exposure to high temperatures 
and heat cycle in the oxidative atmosphere has not been 
investigated in detail with respect to the coupling struc- 
ture for the connector and the metallic electrode. 

Summarv of the Invention 



It is an object of the present invention to provide a 
ceramic member-electric power supply connector cou- 
pling structure in which a metallic member is buried in 
20 the ceramic member and which can maintain high join- 
ing strength and excellent conductive performance, 
even if the coupling structure is subjected to high tem- 
peratures and heat cycle in an oxidative atmosphere. 
Specifically the present invention relates to a ce- 
2S ramie member-electric power supply connector cou- 
pling structure comprising a ceramic member in which 
a metallic member is buried and a hole is provided while 
jTietallic member is partially exposed to said hole, 
®'ectric power supply connector, a tubular atmps- 
30 phere-shielding meniber inserted into said hole, a 
i!£ess-mitigating, low heat expansion conductor insert- 
ed inside the tubular atmosphere-shielding rnernb^^^ 

?.?r!®.<^ the tubular atmosphere-shielding member 
35 and upon the low heat expansjon conductor, where in the 
tubular atmosphere-shieldingi member is joined to the 
electric power supply connector, and the low heat ex- 
pansion conductor and the tubular atmosphere-shield- 
ing member are joined to the metallic member. 

The present inventors contrived the structure in 
which the ceramic member was provided with the'hole 
to which the buried metallic member was exposecl,Jhe 
tubular atmosphere-shielding hollow member was in- 
f ®^.®^.J^^^^^ the stress-mitigating low heat ex- 

P?n.^]^n^?PDductpr.a^ the electric power supply con- 
^.^^tomere inserted into the tubular atmosphere-shield- 
ing member in this order, and the tubular atmosphere- 
shielding member was joined to the electric power sup- 
ply connector while the low heat expansion conductor 
50 and the tubular atmosphere-shielding member were 
joined to the metallic member, and the inventors con- 
ducted experiments upon it. As a result, the inventors 
confirmed that the above structure could have higher 
heat resistance and corrosion resistance and maintain 
55 higher joining strength and more excellent conductive 
performance even under exposure to the heat cycle in 
the oxidative atmosphere or the corrosive atmosphere, 
as compared with the other structures. The present in- 
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vention has been accomplished based on this confirma- 
tion. 

The low heat expansion conductor has a low heat 
expansion which is higher than that of the ceramic mem- 
ber but lower than that of the connector, and functions s 
to mitigate stress between the connector and the ceram- 
ic member which would occur if the connector is directly 
joined to the ceramic member The atmosphere-shield- 
ing member is made of a heat-resistive metal, and is 
design to completely shield the low heat expansion con- io 
ductor from the surrounding atmosphere. 

These and other objects, features and advantages 
of the invention will be appreciated upon reading of the 
description of the invention when taken in conjunction 
with the attached drawings, with the understanding that is 
some modifications, variations and changes of the same 
could be easily made by the skilled person in the art. 

Brief Description of the Drawings 

20 

For a better understanding of the invention, refer- 
ence is made to the attached drawings, wherein; 

Fig. 1 Is a sectional view of an embodiment of the 
ceramic member-electric power supply connector 25 
coupling structure according to the present inven- 
tion; 

Fig. 2 is a sectional view of a molded body 10 in 
which a metal electrode 3 and a sintered shaped 
powdery body 11 are buried; 30 
Fig. 3(a) is a perspective view illustrating a plasma- 
generating electrode in the state that an upper por- 
tion of the coupling structure is removed to show 
the electrode and Fig. 3(b) is a perspective view of 
a netlike electrode 3 made of a metal net or a metal 35 
mesh; 

Figs. 4(a). 4(b) and 4(c) are perspective views of 
preferred embodiments of the metal electrode to be 
buried in a ceramic member; 

Fig. 5 is a sectional view of another embodiment of 40 
the ceramic member-electric power supply connec- 
tor coupling structure according to the present in- 
vention; 

Fig. 6 is a sectional view of a further embodiment 
of the ceramic member-electric power supply con- 45 
nector coupling structure according to the present 
invention; 

Fig. 7 is a sectional view of a still further embodi- 
ment of the ceramic member-electric power supply 
connector coupling structure according to the so 
present invention in which a dense body 32 is buried 
In a substrate; 

Fig. 8 is a sectional view of a still further embodi- 
ment of the ceramic member-electric power supply 
connector coupling structure according to the 55 
present invention which employs an atmosphere- 
shielding member 33 provided with an oxide film 35; 
Fig. 9 is a sectional view of a still further embodi- 



ment of the ceramic member-electric power supply 
connector coupling structure according to the 
present invention which employs an atmosphere- 
shielding member 37 provided with an oxide film 35; 
Figs. 10(a), 10(b) and 10(c) are sectional views for 
illustrating a process for producing the atmosphere- 
shielding member 33, 37; and 
Fig. 11 is a sectional view of a ceramic member- 
electric power supply structure as a comparative 
example. 

Detailed Description of the Invention 

In the following, various embodiments of theceram- 
ic member-electric power supply connector coupling 
structure according to the present invention will be ex- 
plained with reference to the drawings. The function and 
effects of the present invention will be made clearer from 
the following explanation. 

Fig. 1 is a sectional view of an embodiment of the 
ceramic member-electric power supply connector cou- 
pling structure according to the present invention. Fig. 
3(a) is a perspective view of a plasma-generating elec- 
trode in the state that an upper portion of the coupling 
structure is removed to show the electrode and Fig. 3 
(b) is a perspective view of an electrode 3 made of a 
metal net or a metal mesh. 

The electrode 3 made of the metal net is buried in 
an almost discoidal ceramic substrate 2 having a sem- 
iconductor wafer-placing face 2a and a rear face 2b. In 
the substrate 2 are provided holes 1 3, at given locations, 
through which are passed pins to move up and down 
the semiconductor wafer The electrode 3 is made of the 
metal net shown in Figs. 3(a) and 3(b), and is constituted 
by a round frame wire 3a and cross wires 3b stretched 
inside the frame wire 3a while meshes 14 are formed 
among them. 

A blind hole 4 is formed in the substrate 2 at a side 
of the rear face 2a. and the netlike electrode 3 is buried 
in the substrate 2. Asintered shaped metallic powdery 
body 5 is also buried in the sintered powdery body 5 in 
such a state that one (5a) of opposite surfaces of the 
sintered body 5 is exposed to the bottom face 4a of the 
hole 4, while the other surface 5b of the sintered body 
5 contacts the metal electrode 3. 

In this embodiment, a tubular atmosphere-shielding 
member 9 is inserted into the hole 4 of the ceramic mem- 
ber 2 such that a slight gap 1 8 remains between the out- 
er peripheral face 9a of the atmosphere-shielding mem- 
ber 9 and the inner peripheral face of the hole 4. A low 
heat expansion conductor 7 having, for example, a dis- 
coidal shape is placed in a lower inner space of the at- 
mosphere-shielding body 9. 

The lower surface 7b of the low heat expansion con- 
ductor 7 is gas-tightly joined to the bottom surface 4a of 
the hole 4 and the upper surface 5a of the sintered 
shaped powder body 5 with a conductive joining layer 
6A made of preferably a brazing material. The lower sur- 
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face 9d of the atmosphere-shielding body 9 is joined to 
the bottom surface 4a of the hole 4 with the conductive 
joining layer 6A. 

An electric power supply connector 8 includes a 
connector body 8b outside a plasma generating elec- 
trode device 1 , an annular flange portion under the con- 
nector body 8b and a tip portion 8d under the annular 
flange 8c. The tip portion 8d of the connector 8 is placed 
in the atmosphere-shielding body 9 such that a slight 
gap 1 9 remains between the inner peripheral surface 9a 
of the atmosphere-shielding body 9 and the low heat ex- 
pansion conductor 7 and the tip portion 8d of the con- 
nector 8. A conductive joining layer 6C preferably made 
of a brazing material is gas-tightly formed between the 
upper surface 9c of the atmosphere-shielding member 

9 and the lower surface of the flange portion 8c of the 
connector 8, whereas a conductive joining layer 6B is 
gas-tightly formed between the tip surface 8a of the con- 
nector 8 and the upper face 7a of the low heat expansion 
conductor 7. 

In order to produce the plasma generating electrode 
device having such a coupling structure, a molded body 

10 made of a ceramic material as shown in Fig. 2 is pref- 
erably prepared, and fired. In this molded body 10, a 
netlike metal electrode 3 and a molded metallic powder 

11 to form a sintered shaped powdery body are buried 
as shown. In Fig. 2, reference numerals 10a and 10b 
correspond to the semiconductor-placing face 2b and 
the rear face 2b of the ceramic member 2, respectively 
When the molded body 1 0 is fired, the molded powdery 
body 11 IS simultaneously sintered to give the sintered 
shaped powdery body 5. The hole 4 is formed in the fired 
molded body 10 from the side of the rear face 2b. 

In the present invention, the low heat expansion 
conductor means a conductor made of a material having 
a heat expansion rate of not more than 8.0 X lO-^/'^C at 
40=^0 or less. As the material for the low heat expansion 
conductor, molybdenum, tungsten, molybdenum-tung- 
sten alloy tungsten-copper-nickel alloy and Kovar are 
specifically preferred. As a material for the atmosphere- 
shielding member, pure nickel, nickel basied heat-resis- 
l'Y,®..^'!?yv.9o!cl, platinurri, silver and alloys thereof are 
3 material for the connector, a metal hav- 
'"9 ''ssjstarice againstjhe atmosphere is 

PI®-^®II?4^,.Mofe specifically pure nickej^nickel bas^^ 

'^~.?'l?yLSS'^i£!?^'""T'!.^-^^^ are 
preferred.^ 

As the function and effects of the present invention 
will be further explained with reference to mainly Fig. 1 . 
As a material for the connector 8, an acid-resistant metal 
is preferred, in general, such a metal has a large heat 
expansion rate, and causes large stress between a ce- 
ramic member due to difference in thermal expansion 
therebetween. For this reason, if the connector 8 is di- 
rectly brazed to the ceramic substrate 2, joining strength 
tends to decrease due to the difference in thermal ex- 
pansion between them. In order to Improve this, accord- 
ing to the present invention, the heat expansion conduc- 
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tor 7 is placed between the connector 8 and the ceramic 
member 2 so that stress caused between the connector 
and the ceramic member having a heat expansioarate 
lower than that of the connector but higher than that of 
the ceramic member may be mitigated. 

However, the metal having a lower heat expansion 
rate (molybdenum, tungsten, molybdenum-tungsten al- 
loy tungsten-copper-nickel alloy etc.) is generally likely 
to be oxidized. Therefore, if the low heat expansion con- 
ductor 7 contacts the oxidative atmosphere at a high 
temperature, the low heat expansion conductor 7 is in- 
stantly oxidized, so that joining strength drops and an 
electric resistance rises. Accordingly, it was difficult to 
use the metal having a lower heat expansion rate as a 
material for the low heat expansion conductor 7. 

It is considered that if the low heat expansion con- 
ductor 7 is alternatively made of an insulating, stress- 
mitigating material such as an insulating ceramic mate- 
rial including aluminum nitride, there does not occur the 
problem that the low heat expansion conductor 7 is ox- 
idized. However, in this case, the stress-mitigating ma- 
terial is outside the current flowing passage, and the 
stress mitigating material cannot be electrically connect- 
ed to the metallic member inside the ceramic substrate. 
Therefore, the amount of the electric power to be sup- 
plied to the metallic member inside the substrate comes 
to be limited. 

To the contrary, according to the structure of the 
present invention, the area of the connection, between 
^'^.® l?wAeat expansion conductor 7 andthe.metal 'mem- 
is large, and the low heat expansion conductor 7 
j?'^^ ^.".^f^^^ flpw passage at this connection. Con- 
sequently, large current, for example. 30 amperes, can 
be easily flown. 

Also, the present inventors placed and installed the 
tubular atmosphere-shielding member 9 in the hole 4 of 
the ceramic member 2, while the above low heat expan- 
sion conductor 7 is positioned in the lower portion of the 
inner space of the atmosphere-shielding member 9 and 
the tip portion 8d of the connector 8 is inserted above 
the low heat expansion conductor within the atmos- 
phere-shielding member 9. 

By so doing, the peripheral surface side of the low 
heat expansion conductor 7 is completely surrounded 
and protected by the atmosphere-shielding member 9. 
In addition, the tip portion of the connector 8 is placed 
on the low heat expansion conductor, and is surrounded 
by the atmosphere-shielding member 9. Consequently 
the length of the oxidative atmosphere-invading pas- 
sage up to the low heat expansion conductor 7 becomes 
very large. At the same time, the connector 8 is joined 
to the atmosphere-shielding member 9 with the conduc- 
tive joining layer 6C and this joined portion is gas-tightly 
kept. Thus, the present inventors succeeded in more 
completely ensure the isolation of the low heat expan- 
sion conductor 7 from the oxidative atmosphere. 

Furthermore, according to this embodiment, there 
are two current flow passages: one being a current flow 
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passage from the tip portion 8d of the connector 8, the 
conductive joining layer 6B, the low heat expansion con- 
ductor 7, the conductive joining layer 6A to the sintered 
shaped powdery body 5, and the other being a current 
flow passage fronn the flange portion 8c of the connector s 
8, the conductive joining layer 6C, the atmosphere- 
shielding nnember 9, the conductive joining layer 6A to 
the sintered shaped powdery body 5. The annount of the 
electric power supplied to the electrode 3 can be more 
increased and stabilized. to 

In the present invention, the metallic electrode is 
buried in the ceramic substrate in the form of a planar 
metallic bulky member. The "planar metallic bulky mem- 
ber" means, for example, a planar, integral metallic 
shaped body as shown in Figs. 3(a) and 3(b) and Figs, is 
4(a) to 4(c) instead of a wire or a planar body arranged 
in a spiral or zigzag form. 

Since the metal electrode is simultaneously fired 
with the molded body made of ceramic powder such as 
alumina powder or aluminum nitride powder, the metal 20 
electrode is preferably made of a high melting point met- 
al. As such a high melting point metal, tantalum, tung- 
sten, molybdenum, platinum, rhenium, hafnium and al- 
loys thereof may be recited. From the standpoint of pre- 
venting contamination of the semiconductors, tantalum, 25 
tungsten, molybdenum, platinum and alloys thereof are 
preferred. 

As such planar bulky members, the following may 
be recited. 

30 

(1) A planar bulky member made of a thin plate 

(2) A planar bulky electrode member in which a 
number of small openings are formed. This includes 
a bulky member made of a planar material having 
numerous small holes, and a netlike bulky member. 3$ 
As the planar member having numerous small 
holes, a punched metal may be recited. If the bulky 
member is made of a punched metal of a high melt- 
ing point metal, it is difficult and highly costly to form 
a number of the small holes In the high melting point 4o 
metal plate by punching, because the high melting 
point metal has large hardness. In this respect, if 
the bulky member is made of a metal net, wires 
made of a high melting point metal are easily avail- 
able, and the metal net can be easily produced by 4S 
knitting the wires. 

No particular limitation is posed upon the mesh 
shape and the wire diameter of such a metal net. How- 
ever, metal nets ranging from a metal net having a wire so 
diameter of 0.03 mm and 150 meshes to a metal net 
having a wire diameter of 0.5 mm and 6 meshes could 
be used with no particular problem. Further, the width- 
wise sectional shape of the wires constituting the metal 
net may be elliptical, rectangular, variously rolled ss 
shapes besides a round shape. One mesh means one 
wire per one inch. 

Fig. 4(a) is a perspective view of a punched metal 



1 5 to be used as the metal electrode. The punched met- 
al 15 has a round shape in which numerous holes 15b 
are formed in a round planar plate 15a in a grid pattern. 
Fig. 4(b) is a perspective view of a round thin plate 16 
to be used as the metal electrode. 

Fig. 4(c) is a plane view of a thin plate 1 7 to be used 
as the metal electrode. In the thin plate 17 are formed 
totally six rows of slender straight cuts 1 7b, 1 7c parallel 
to one another. Three cuts 1 7b of them are opened at a 
lower side of Fig. 4(c), whereas the remaining three cuts 
17c are opened at an upper side. These cuts 17b and 
17c are alternatively arranged. As a result of employing 
such a configuration, a slender conductive path is 
formed by this thin plate. Terminals are connected to op- 
posite ends 17a of the conductive path. 

The ceramic member-electric power supply con- 
nector coupling structure according to the present in- 
vention may be applied to a device to be installed in the 
semiconductor producing apparatus in which the halo- 
gen-based corrosive gas is used as a film-forming gas 
or an etching gas. 

As such devices, mention may be made by way of 
example a heater in which a resistive heating element 
is buried in a ceramic substrate, an electrostatic chuck 
in which an electrostatically chucking electrode is buried 
in a ceramic substrate, an electrostatic chuck-provided 
heater in which a resistive heating element and an elec- 
trostatically chucking electrode are burled in a ceramic 
substrate, a radio frequency wave generating electrode 
device in which a plasma generating electrode is buried 
in a ceramic substrate, and a radio frequency wave gen- 
erating electrode device in which a plasma generating 
electrode and a resistive heating element are buried In 
a ceramic substrate. 

In the present invention, the conductive joining layer 
is not limited to any particular material. However, a ma- 
terial having high gas-tightness and smalLe^^^^ 
ance is preferred. From this point of view, a metallic 
brazing mater[al is particularly preferred. Jhe chemical 
composition of such a brazing material is not particularly 
limited. " 

However, a brazing material which exhibits excel- 
lent joining force or wettability for the ceramic. member 
rtself is preferable. If the substrate of the ceramic mem- 
ber is made of dense alumina or aluminum nitride, a 
brazing material comppseimaln.ly of one kind of Cu, Ni, 
Ag and]AI and lncluding.0.3 to 20 wt% of an active metal 
selectedTrbm fyl,g,..Tj, .Zr and Hf and not more than 50 
wt% of a third component is preferably used. In an ap- 
plication where corrosion resistance is required against 
the halogen based corrosive gas, it Is better to not use 
an Ag-based brazing material because Its small corro- 
sion resistance. 

As the third component, at least one of Si. Al and In 
is preferably used, because such elements will not in- 
fluence the main component. Particularly a brazing ma- 
terial composed mainly of Al is preferably used, because 
it effects joining at a low temperature to cause snnaller 
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heat stress after joining. 

If the compounding amount of the active metal is 
less than 0.3 wt%, wettability so drops that effective join- 
ing may not be realized in some cases. On the other 
hand, if it is more than 20 wt%, the thickness of a reac- 
tion layer at a joining interface is so large that crack may 
be formed in some cases. Therefore, this compounding 
amount is preferably 0.3 to 20 wt%. If the total com- 
pounding amount of the third component(s) is more than 
50 wt%, much intermetallic compound(s) is formed so 
that the joining interface may be cracked in some cases. 
Therefore, the total compounding amount is preferably 
not more than 50 wt%. Such third components may not 
be contained. 

The content of the metal as the main component of 
the brazing material is a value jof 100 wt% mirius the 
content of the active metai component and the third 
component when the total weight of the brazing material 
is taken as 100 wt%. 

In the present invention, it is preferable that the low 
heat expansion conductor is electrically joined to the 
connector as in the embodiment of Fig, 1 . However, it is 
not essential to electrically connect them. Fig. 5 is a sec- 
tional view of a coupling structure of such an embodi- 
ment. In Figs. 5 and 6, the constituent parts shown in 
Fig. 1 are denoted by the same reference numerals, and 
their explanation is omitted. 

In the embodiment of Fig. 5, a gap 20 is formed be- 
tween a tip portion 8d of a connector 8 and a low heat 
expansion conductor 7, which are not joined with a con- 
ductive joining layer However, in this case, the low heat 
expansion conductor 7 is directly joined to a metallic 
member 5 through a conductive joining layer 6A. Since 
this joining portion has a low electric resistance, large 
current can be fed to the metallic member. 

In an embodiment of Fig. 6, no sintered shaped 
powdery body 5 is used. That is, a hole 22 is formed, 
opening at a side of a rear face 2b of a substrate 2, and 
a part of a netlike electrode 3 is exposed to this hole 22. 
The netlike electrode 3 is joined to both the low heat 
expansion conductor 7 and the bottom face 9d of the 
atmosphere-shielding member 9 with a conductive join- 
ing layer 6D. 

However, interposing thesintered shaped powdery 
body between the metallic electrode inside the.cerarnic 
substrate and the low heat expansion conductor as 
shown in Fig. 1 is preferable, because the length of the 
transmitting path for the oxidizing gas. or the. corrosive 
gas to reach the metal electrode is greater. 

In the embodiments as shown in Figs. 1, 5 and 6, 
the gap between the inner peripheral surface of the hole 
4, 22 and the outer peripheral surface 9a of the atmos- 
phere-shielding member 9 is preferably not less than 0.2 
mm. The gap 19 between the inner peripheral surface 
9b of the atmosphere-shielding member 9 and the low 
heat expansion conductor 7 and the tip portion 8d of the 
connector 8 is preferably not less than 0.01 mm. If the 
gap 18 is less than 0.2 mm and/or the gap 19 is less 



than 0.01 m, the brazing material is likely to rise in the 
gap(s) due to the capillary action. If the brazing material 
rises in such a gap. Consequently, it is likely that the 
ceramic substrate or the brazing material is cracked. 
5 The reason why the lower limit of the gap 18 is 0.2 mm 
and that of the gap 19 is 0,01 mm is that if this gap is 
sealed, this gap gives resistance against the capillary 
force because the gap is closed at both the joints 6A 
and 6B. 

?o It is more preferable that both the gaps IB and 19 
are not more than 1 .0 mm. 

Fig. 7 is a sectional view of an embodiment in which 
a metal electrode and a dense body made of a low heat 
expansion metal are buried in a ceramic substrate. In 
^5 Figs. 7, 8 and 9, the constituent parts shown in Fig. 1 
are denoted by the same reference numerals, and their 
explanation is omitted. 

In this embodiment, for example, a metal electrode 
31 having^a coiled shape or t like is buried in the sub- 

20 strate 2 of. a. ceramic .heater. 30. A coil-shapS firie^^^ 
heater is a preferred embodiment of themeta! electrode. 
The dense body 32 is buried at a lower side of a bottom 
face of a receiving hole 4 of the substrate 2. The dense 
body 32 includes a male screw portion 32a and a main 

25 body 32b, and an upper face 32c of the main body 32b 
is electrically connected to a low heat expansion con- 
ductor 7 via a conductive joining layer 6A. The coiled 
heater 31 is wound around the male screw portion 32a. 
Coupling structures in embodiments shown in Figs. 

30 8 and 9 are similar to that in Fig. 1 except that the struc- 
ture of the atmosphere-shielding member differs be- 
tween them. In the coupling structure of Fig. 8, an at- 
mosphere-shielding member 33 includes a main body 
36 made of a heat-resistive metal as mentioned above 

35 and an oxide film 35 covering the outer and inner sur- 
faces 36a and 36b of the main body 36. This heat-resis- 
tive film is formed by heating the main body of the at- 
mosphere-shielding member 33). The metal constitut- 
ing the main body is exposed at upper and lower faces 

40 36c and 36d of the main body. 

The exposed upper surface 36c of the main body 
36 is joined to a connector 8 through a conductive joining 
layer 6C. On the other hand, the lower surface 36d of 
the main body 36 is joined to a sintered shaped powdery 

^5 body 5 via a conductive joining layer 6A. Since the oxi- 
dized film exhibits lower wettability for the brazing ma- 
terial as compared with the corrosion-resistive metal 
constituting the main body 36, the brazing material is 
less likely to rise along the inner and outer peripheral 

50 surfaces of the atmosphere-shielding member 33, so 
that the brazing material tends to rise along the periph- 
eral surface of the receiving hole 4. Owing to this, the 
shape of the conductive joining layer 6A in the receiving 
hole 4 can be of a fillet shape causing less residual 

55 stress. Further, reliability in strength can be enhanced 
by employing a screwing engagement structure be- 
tween the atmosphere-shielding member 33 and the re- 
ceiving hole 4 
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In a coupling structure of Fig. 9, an atmosphere- 
shielding mennber 37 includes a main body 38 nnade of 
a heat-resistant metal and an oxidized film 35 as men- 
tioned above. Outer and inner peripheral surfaces 3Sa 
and 38b and an upper flat surface 38c are covered with s 
the oxidized film 35. The metal constituting the main 
body 38 is exposed at an upper inclined surface 38d, a 
lower flat surface 38e and a lower inclined surface 38f 
of the main body 38. 

The exposed upper inclined surface 38dof the main io 
body 39 is joined to a cable (connector) 8 via a conduc- 
tive joining layer 6E, whereas the lower Inclined surface 
38f and the lower flat surface 38e of the main body 38 
are joined to a sintered shaped powdery body 5 via a 
conductive joining layer 6A. is 

In order to produce the atmosphere-shielding mem- 
bers in the embodiments of Figs. 8 and 9, the following 
method which will be explained with reference to Figs. 
10a to 10c is preferred. First, as shown in Fig. 10a, a 
tubular member 40 made of the above heat-resistant 20 
metal is prepared, and an oxidized film 35 is formed over 
the entire surface of the tubular member 40 by heating 
the tubular member 40 in an oxidizing atmosphere. 

Next, exposed surfaces 36c and 36d shown in Fig. 
10(b) are formed by grinding opposite end surfaces of 25 
the main body 40. 

Exposed surfaces 38d, 38e and 38f shown in Fig. 
10c can be formed by grinding the tubular member in 
Fig. 10a. In this case, the oxidized film 35 remains on 
the upper flat surface 38c, the outer peripheral surface 30 
38a and the inner peripheral surface 38b of the main 
body 38. 

The present invention will be explained in more de- 
tail with reference to the following specific example and 
comparative example. 35 

Example 

A coupling structure having a configuration as 
shown in Fig. 8 having an electrode of Fig. 3 was pro- 40 
duced. A preliminarily molded body 1 having a discoid 
shape as shown in Fig. 2 was prepared by uniaxially 
press molding aluminum nitride powder. 

As the metallic electrode, a metal net made of mo- 
lybdenum was used, which had 0. 1 2 mm-diameter mo- 45 
lybdenum wires knitted at a density of 50 wires per inch. 
This metal net was buried in the preliminarily molded 
body, A molded body 11 obtained by molding molybde- 
num powder having particle diameters of 1 -1 00 iim was 
also buried in the molded body 10. so 

This molded body 10 was placed in a mold in the 
state that the molded body 10 was sealed in a carbon 
foil, and sintered at a temperature of 1950°C underpres- 
sure of 200 kg/cm2 for a retaining time of 2 hours by hot 
press, thereby obtaining a sintered body having a rela- ss 
tive density of not less than 98.0 %. 

A hole 4 was formed in the thus obtained sintered 
body from a rear face side by a machining center, there- 



by producing a plasma generating electrode device, 
which had a dimension: 200 mm diameter and 8 mm 
thickness. 

On the other hand, an atmosphere-shielding mem- 
ber 33 was prepared as shown in Figs. 1 0a to 1 0b. f\/lore 
specifically, a tubular member 40 made of nickel was 
prepared, and thermally treated at lOOO^C in air for 2 
hours, thereby forming a nickel oxide film 35 on it. The 
resulting tubular member was ground, thereby obtaining 
the atmosphere-shielding member 33 as shown in Fig 
10b. 

A 5 |im-thick titanium film, a 200 ^m-thick silver film 
and a secondary 5 \m titanium film were successively 
laminated and placed upon the inner side of the hole 4. 
Then, a low heat expansion conductor 7 made of mo- 
lybdenum and the above atmosphere-shielding mem- 
ber 33 were placed on the laminate. Next, a 5 ^m-thick 
titanium film was placed on the low heat expansion con- 
ductor 7, a 400 \m was placed on the titanium film, and 
a tip portion 8d of a connector 8 made of nickel was 
placed on the silver film. A 200 iim-thick silver film was 
placed between an upper face 36c of the atmosphere- 
shielding body 33 and a flange portion 8c of the connec- 
tor 8. The thus obtained assembly was thermally treated 
at 960°C to 1000**C for 10 minutes, thereby obtaining 
the coupling structure as shown in Fig. 8. 

With respect to the thus obtained coupling struc- 
ture, a tensile fracture load was measured to be 1 75±29 
kgf, and a bending fracture torque measured to be 22 
±22.3 kgf -cm (n = 2) (n: number of test pieces, the figure 
is an average value thereof) 

This coupling structure was subjected to heat cycle 
between 100^*0 and 700^*0 50 times under the condition 
that a heating rate and a cooling rate were both set at 
about 200°C/min, and then its tensile fracture load was 
measured to be 1 57±1 7 kgf (n = 4). The bending fracture 
torque of the coupling structure after the heat withstand- 
ing test was measured to be 20±5 kgf -cm (n = 2). 

After a heat withstanding test in which the coupling 
structure was held at 700*0 for 24 hours, its tensile frac- 
ture load was measured to be 101 ±63 kgf (n = 5), and 
its bending fracture torque measured to be 1 8±2 kgf-cm 
(n = 2). 

Comparative Example 

A coupling structure as shown in Fig. 11 was pro- 
duced as a comparative example. First, a plasma gen- 
erating electrode device 1 was prepared as in the inven- 
tion example. Then, a 5 jim-thick titanium film was 
placed inside a hold 22, and a 200 ^m-thick silver film 
was placed on the titanium film. Then, a flange portion 
25a of a connector 25 made of nickel was placed on the 
silver plate, while a sheet of a brazing material was 
placed to contact a tip face 25b of the connector 25. 

Next, an annular member 26 made of aluminum ni- 
tride was placed on the flange portion 25a of the con- 
nector 25 in the state that an inner peripheral face 26a 
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of the annular mennber 26 was opposed to an outer pe- 
ripheral face of the connector 25, while an under face 
26c of the annular naember 26 was opposed to the 
flange portion 25a. A gap 26b was provided around the 2. 
outer peripheral face of the annular member 26. s 

A sheet of the brazing material having the compo- 
sition mentioned before was placed between the inner 
peripheral face 26a of the annular member 26 and the 
outer peripheral face of the connector 25 and between 
the under face 26c of the annular member 26 and the io 
flange portion 25a of the connector 25. The thus ob- 
tained assembly was thermally treated at 960°C to 3. 
1000"C for 10 minutes, thereby producing the coupling 
structure shown in Fig. 11. Reference numerals 27 and 
28 denote conductive joining layers. 75 

With respect to the thus obtained coupling struc- 
ture, a tensile fracture load was measured to be 129±31 4. 
kgf (n = 1 3), and a bending fracture torque measured to 
be 15±5 kgf .cm (n =3). 

The joining strength was subjected to heat cycle be- 20 
tween 100°C and 700^*0 50 times under the condition 
that a heating rate and a cooling rate were both set at 
about 200°C/min, and then its tensile fracture load was 5. 
measured to be 33+22 kgf (n = 21 ). The bending fracture 
torque of the coupling structure after the heat cycle was 25 
measured to be 10±3 kgf -cm (n =: 3). 

After a heat withstanding test in which the coupling 
structure was held at 700°C for 24 hours, its tensile frac- 
ture load was measured to be 25+12 kgf (n = 4), and its 6. 
bending fracture torque measured to be 8+4 kgf-cm (n 30 
-3). 

As is clear from the aforementioned explanation, 
according to the present invention, high joining strength 
and excellent conductive performance can be main- 
tained In the coupling structure between the metallic 35 7. 
member-buried ceramic member and the electric power 
supply connector, even if the coupling structure is sub- 
jected to high temperatures and heat cycle in the oxida- 
tive atmosphere. 



shielding member are joined to the metallic mem- 
ber. 

The coupling structure set forth in claim 1 , wherein 
the tubular atmosphere-shielding member is gas- 
tightly joined to the electric power supply connector 
with a brazing material, and th^low heat expansion 
conductor and the tubular atmosphere-shielding 
member are gas-tightly joined to the metallic mem- 
ber with a brazing material. 

The coupling structure set forth in claim 1 or 2, 
wherein the low heat expansion conductor is elec- 
trically joined to the electric power supply connec- 
tor. 

The coupling structure set forth in any one of claims 
1 to 3. wherein the low heat expansion conductor is 
made of a metal selected from the group consisting 
of molybdenum, tungsten, an molybdenum-tung- 
sten alloy, tungsten-copper-nickel alloy and Kovar. 

The coupling structure set forth in any one of claims 
1 to 4, wherein the atmosphere-shielding member 
is made of a metal selected from the group consist- 
ing of pure nickel, a nickel based heat-resistive al- 
loy, gold, platinum, silver and alloys thereof 

The coupling structure set forth in any one of claims 

1 to 5, wherein the connector is made of a metal 
selected from the group consisting of pure nickel, 
nickel based heat alloy, gold, platinum, silver and 
alloys thereof. 

The coupling structure set forth in any one of claims 

2 to 6, wherein a flange portion is formed at a upper 
outer peripheral face of the tip portion of the electric 
power supply connector, and an upper portion of the 
tubular atmosphere-shielding member is gas-tightly 
joined to the flange portion of the connector 



Claims 

1. A ceramic member-electric power supply connector 
coupling structure comprising a ceramic member in 
which a metallic member is buried and a hole is pro- 
vided while said metallic member is partially ex- 
posed to said hole, an electric power supply con- 
nector, a tubular atmosphere-shielding member in- 
serted into said hole, a stress-mitigating, low heat 
expansion conductor inserted inside the tubular at- 
mosphere-shielding member while the electric pow- 
er supply connector is partially inserted into the tu- 
bular atmosphere-shielding member and upon the 
low heat expansion conductor, the tubular atmos- 
phere-shielding member is gas-tightly joined to the 
electric power supply connector, and the low heat 
expansion conductor and the tubular atmosphere- 



8. The coupling structure set forth in any one of claims 
2 to 7, wherein the substrate of the ceramic member 
is made of dense alumina or aluminum nitride, the 
^ brazing material is composed mainly of one metal 
selected from the group consisting of Cu, Ni, Ag and 
Al, and includes 0.3 to 20 v\rt% of an active metal 
selected from the group consisting of Mg, Ti, 2r and 
Hf and not more than 50 wt% of a third component 
selected from the group consisting of Si, Al, Cu and 
In. 



50 



9. The coupling structure set forth in any one of claims 
1 to 8, wherein the ceramic member is a susceptor 

55 for placing a semiconductor wafer on it. 

10. The coupling structure set forth in any one of claims 
1 to 9, wherein the metallic member is a planar me- 
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tallic electrode, and the metallic electrode is electri- 
cally connected to the low heat expansion conduc- 
tor via a sintered shaped powdery body, said sin- 
tered shaped powdery body being buried in the ce- 
ramic member. s 

11. The coupling structure set forth in any one of claims 
1 to 9, wherein the metallic member is a metallic 
electrode, and the metallic electrode is electrically 
connected to the low heat expansion conductor via to 
a dense body made of a low heat expansion metal, 
said dense body being buried in the ceramic mem- 
ber. 
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